A neutral endopeptidase (EC 3.4.24.5) that degrades a-and .8-crystallins occurs in mammalian lens. A procedure for purification of this enzyme from bovine lens is described. The enzyme appears to have a high molecular weight
The occurrence of a neutral endopeptidase (EC 3.4.24.5) in the eye lens of various mammalian species has been known for some years (1) (2) (3) and is thought to play a role in cataract formation in humans (4) . It is reported to have a high molecular weight, but it has only been partially purified and its subunit composition has not been determined (1) . We describe here a method for the purification of the enzyme from bovine lens. The purified preparation has a Mr of about 700,000 in the native state and on NaDodSO4/PAGE shows a characteristic pattern of at least eight polypeptides with Mrs ranging from 24,000 to 32,000. An antiserum has been raised in rabbit against the purified enzyme. This gives on Ouchterlony double-diffusion, single precipitin bands against both the purified enzyme and a crude lens enzyme preparation, which, when examined side by side, show a continuous precipitin line with no spurring.
During the course of this work we noticed when reviewing the literature a photograph of a NaDodSO4/PAGE gel prepared from a purified preparation of a neutral proteinase obtained from bovine pituitary (5) . The pattern appeared to be very similar to the NaDodSO4/PAGE pattern we were obtaining with the neutral lens endopeptidase, though the methods of purification of the two enzymes were very different. We therefore purified the pituitary enzyme using essentially the method that had been described (6) and compared the pituitary and the lens enzymes directly. The NaDodSO4/PAGE subunit patterns and also the molecular weight determinations under nondenaturing conditions for the two enzymes were indistinguishable. Furthermore, the pituitary enzyme gave a single precipitin line with the antiserum raised against the purified lens enzyme and there was no spurring when the two enzyme proteins were tested side by side.
The pituitary enzyme had been shown previously to hydrolyze certain synthetic protease substrates such as benzyloxycarbonylglycylglycyl-L-leucyl-p-nitroanilide (ZGly-Gly-Leu-pNA), which had been used to follow its purification. However, no naturally occurring protein substrates had been identified. We have found that the pituitary enzyme, like the lens enzyme, degrades a crystallin preparation and that the lens enzyme, like the pituitary enzyme (6) , hydrolyzes Z-Gly-Gly-Leu-pNA.
We conclude that the lens and pituitary enzymes are closely similar, if not identical, in their structures. This finding was unexpected because it had been thought previously that the lens endopeptidase was unique to lens (7) , where its substrates a-and /3-crystallins account for a high proportion of the total tissue protein. Crystallins are absent or occur, at most, in trace amounts in other tissues.
MATERIALS AND METHODS
Materials. Frozen whole bovine pituitaries and bovine lenses were purchased from Pel-Freez. [3H]Acetic anhydride (50.0 mCi/mmol; 1 Ci = 37 GBq) was purchased from New England Nuclear. Hydroxylapatite (HA) (Bio-Gel HT) was obtained from Bio-Rad. Mono Q column, DEAE-Sephacel, and Sephacryl S-300 were purchased from Pharmacia. Z-GlyGly-Leu-pNA was the kind gift of S. Wilk (Department of Pharmacology, Mount Sinai School of Medicine, New York).
Isoelectric Precipitation of Lens Proteins. The purification of lens endopeptidase was started by the separation of lens proteins into two fractions (a1-crystallin and a2-crystallin) as described (1) . The a1-crystallin fraction contains the enzyme. The a2-crystallin fraction was used to prepare the substrate.
Frozen bovine eye lens (50 lens, =100 g) were thawed at room temperature, an incision was made in each lens, and the tissues were stirred for 20 min at 40C in 1000 ml of 100 mM 2-(N-morpholino)ethanesulfonic acid (Mes), pH 5.0/5 mM 2-mercaptoethanol/0.1 mM EDTA. The pH of the extract was monitored, any upward drift in pH being readjusted to pH 5.0 with slow addition of 1 M HCL. The extract was further stirred for 20 min. This resulted in dense white precipitation of the a1-crystallin containing the putative neutral endopeptidase. The bulk of a2-crystallin used to prepare the substrate remained soluble under these conditions. The two fractions were separated by centrifugation at 20,000 X g for 20 min at 4°C.
Abbreviations: FPLC, fast protein liquid chromatography; HA, hydroxylapatite; Mes, 2-(N-morpholino)ethanesulfonic acid; pNA, p-nitroanilide; Z, benzyloxycarbonyl. *To whom reprint requests should be addressed at Department of Human Genetics.
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Biochemistry: Ray and Harris Preparation of the Substrate (a2-crystallin). The soluble supernatant from the total extract was taken and a2-crystallin fraction was prepared and freed from any contaminating protease activity, including the enzyme leucine aminopeptidase, by alkaline urea treatment as described (1 Fast protein liquid chromatography (FPLC) of the Sephacryl S-300 column-purified enzyme by using an anionexchange column (Mono Q). The pooled Sephacryl S-300 column-eluted fractions containing enzyme activity were concentrated to a small volume by using a Schleicher & Schuell collodion bag (Mr cutoff, 75,000) and dialyzed in buffer E (25 mM Tris'HCl, pH 7.5/50 mM NaCl/5 mM 2-mercaptoethanol). The concentrated fraction was loaded onto a Mono Q column (1 ml) attached to a FPLC system (Pharmacia). The proteins absorbed to the column were eluted as 1-ml fractions by using a salt gradient between 50 and 500 mM NaCl in buffer E. No additional protein was eluted when the salt gradient was extended to 1.0 M. The fractions were assayed for enzyme activity and active fractions were pooled, concentrated, and dialyzed in 10 mM Hepes buffer (pH 7.5).
Labeling of a2-Crystallin with [3H]Acetic Anhydride. This was done essentially as described (1) . The (8) . Enzyme activity was also measured against the synthetic substrate Z-Gly-Gly-Leu-pNa, as described (6) . PAGE Thus, the isoelectric-precipitated protein fraction has been arbitrarily considered to contain 100% activity ( Table 1) .
The large excess of a1-crystallin present at that stage was partially removed from the enzyme by ammonium sulfate fractionation. Most of the enzyme activity remained in the 33-80% ammonium sulfate fraction that was subjected to HA chromatography. Almost the entire enzyme activity was eluted from the HA column using 400 mM potassium phosphate (pH 6.8), as described in Materials and Methods. The increase in specific activity was 78-fold. However, as revealed by NaDodSO4/PAGE, the HA-purified enzyme still contained large amounts of a-crystallin (Fig. 1) , the amount of which was reduced in the subsequent ammonium sulfate Proc. Natl. Acad One unit of enzyme is described as the amount that gives 100 cpm in trichloroacetic acid-soluble supernatant. Steps 1-9 relate to lanes 1-9
of Fig. 1 . *See text.
fractionation. The 33-80% ammonium sulfate fraction of HA-purified enzyme preparation contained most of the enzyme activity and was further purified by gel-filtration chromatography on a Sephacryl S-300 column (Fig. 2) . The enzyme activity was eluted from the column at the beginning ofthe first protein peak and was thus contaminated wit other proteins. Therefore, the enzyme-enriched fraction was rechromatographed on the same column. The Sephacryl S-300-purified enzyme fraction had some low and high molecular weight contaminants, which were finally removed by purification of the enzyme on an ion-exchange column using FPLC (Fig. 3) . The enzyme eluted from the column at 0.35 M NaCl, as shown in Fig. 3 . At this stage, the purification of the enzyme compared to the original isoelectric-precipitated enzyme fraction was 2532-fold and recovery of total activity compared to isoelectric-precipitated enzyme fraction was 31.7% (Table 1) . No divalentf cation had been used in the enzyipe assay to estimate total recovery and the specific activity at the different stages of purification (Table 1) . This is because, although the enzyme has been reported as divalent metal ion dependent (1, 7) , the extent of stimulation of the enzyme activity by Mg2+ or Ca2+ in different purification stages was progressively found to decrease and the final, apparently homogeneous, enzyme preparation shows very little stimulation. 1 2 3 4 5 6 7 8 9 1() (-) .I1. x lo -0' The purity of the final enzyme preparation was examined by nondenaturing PAGE. As evident from Fig. 4 , the enzyme was apparently purified to homogeneity. The Mr of the native enzyme was found to be about 700,000 estimated from the standard curve drawn from the marker proteins used during the gel electrophoresis. A similar molecular weight for the native enzyme was also obtained from the gel-filtration chromatography of the enzyme on the Sephacryl S-300 column.
The subunit pattern of the native enzyme was determined by denaturing PAGE using 0.1% NaDodSO4 as described in Materials an4 Methods. We found that the native enzyme dissociates into at least eight subunits in the Mr range of 24,000-32,000 (Fig. 1) .
Purification of the Neutral Proteinase from Bovine Pituitary.
Purification of the neutral proteinase from the bovine pituitaries was done essentially as described by Wilk and Orlowski (6) . In short,'the 40-60% ammonium sulfate fraction of the soluble supernatant was chromatographed on a DEAE-Sephacel column. The DEAE-Sephacel-purified proteinase was applied to a Sephacryl S-300 column (78 X 2.6 cm) equilibrated with 0.05 M Tris/EDTA, pH 7.5. The enzyme activity eluted in the first major protein peak in a position identical to the elution volume of the lens neutral endopeptidase. To get rid of small amounts of high molecular weight cont-aminating proteins we purified the enzyme further by FPLC using an ion-exchange column (Mono Q, Pharmacia) under the conditions identical to those used in the final stage of the lens enzyme purification. ,100), and a-lactalbumin (M, 14,400 ). 3 . FPLC of the gel-filtration column-purified lens neutral endopeptidase using an anion-exchange column (Mono Q, 1 ml). *----e, Activity (cpm x 10-3); o-o, A280; ---, NaCl gradient.
proteinase was found to degrade a2-crystallin as well as Z-Gly-Gly-Leu-pNA and the activity peaks coeluted. This enzyme has been reported to dissociate into three (6) to five (5) bands with Mrs between 24,000 and 28,000 on NaDod-S04/PAGE. We observed on NaDodSO4/PAGE that the enzyme dissociates into at least eight closely spaced bands (Mrs 24,000-32,000), as was found with the lens neutral endopeptidase (Fig. 5) .
Similarity Between the Lens Neutral Endopeptidase and the Pituitary Neutral Proteinase. Although the lens neutral endopeptidase has been reported to cleave a-and P3-crystallin as well as the synthetic substrate Z-Gly-Gly-Leu-pNA (10) , the pituitary enzyme has been shown to degrade Z-Gly-GlyLeu-pNA and other synthetic substrates as well as some biologically active small peptides, but no protein substrate has been identified (6). We report here that the pituitary enzyme is capable of degrading a2-crystallin.
Both enzymes have very high molecular weights (about 700,000), elute from a Sephacryl S-300 column at the same elution volume, and elute from an anion-exchange column (Mono Q) at the same salt concentration. AU this suggests close similarity between the two enzymes. We found that after mixing the two enzymes in equal amounts and running native PAGE, they comigrate and are nonseparable (Fig. 4) .
A more rigorous test of their identity was a similar experiment under denaturing conditions, where, due to the multiple number of bands for each enzyme, any difference between them would be more conspicuous. When we mixed the two enzymes in equal proportion and performed NaDodSO4/ PAGE, the band pattern was indistinguishable from either the lens or the pituitary enzyme alone (Fig. 5) .
Finally, antibodies were raised in rabbit against lens neutral endopeptidase. In one experiment (Fig. 6A ) it was observed that on Ouchterlony double-diffusion the antibodies gave single precipitin bands against both the purified and a crude lens enzyme preparation, which, when examined side by side, showed continuity with no spurring. This suggests that the antibody is directed against the neutral endopeptidase only and no other protein of the eye lens. In another similar experiment using the pituitary neutral proteinase and the lens endopeptidase it was observed that both of the enzymes gave single precipitin lines with the antiserum (Fig.  6B) 'N.,\4 4 3
cation reported previously (6) . In our hands, the final enzyme product still appeared to contain minor protein impurities. 
